A conducting body embedded in a magnetized plasma flow may interact with the medium in a variety of ways. Within a MHD description, it is well known that the currents induced within the satellite can be closed in the plasma by standing Alfv•n waves attached to it. However, we show that such a simple model (when viewed in the massive satellite rest frame) cannot satisfy continuity of mass, momentum or energy fluxes. The imbalance is due to the neglect of other plasma disturbances, i.e., the fast and slow magnetosonic modes. In this paper we introduce a slow magnetosonic wake and find that a suitable solution can redress the balance demanded by continuity to a large extent. The full solution, including the fast magnetosonic wave, remains an outstanding problem. Our principal conclusion is that it is not possible for a conducting body to excite a purely Alfv•nic disturbance; there must be other plasma waves present too.
INTRODUCTION
The behaviour of large, electrically conducting bodies embedded in a flowing plasma has received attention for nearly two and a half decades. Some of the earliest work was by Drell et al. [1965] , who tried to explain the anomalous drag However a complete solution of the problem must include the effects of the fast mode as well as being fully nonlinear. Although the Alfv•n wave train solution we employ is fully nonlinear, our treatment of the conservation laws is only to second order in the Alfv•n wave amplitude. Moreover, our slow mode solution makes first order contributions to these laws, and a linear treatment of this mode suffices for the time being. Most of our calculations are performed in the satellite rest frame. We employ the 'massive' satellite approximation, i.e. the satellite is able to supply momentum without acquiring an appreciable velocity of its own. This allows us to treat the plasma disturbances as being steady in time. The behaviour of the satellite kinetics and energetics is easy to describe in this limit, and is the subject of õ2. By assuming that all of the current in the satellite is closed in Alfv•n waves, we can predict the Alfv•n wave field. Given this information it is possible to see if the conductor and the Alfv•n waves satisfy continuity of mass, momentum and energy flux. In õ3 we perform this calculation by constructing a large imaginary box around the satellite and comparing the net flux in or out of the box with the sources or sinks contained within it. Calculations show it is inevitable that the simple Alfv•n wave/conductor system will violate all three continuity equations. Thus we conclude that there must be other disturbances present in the plasma. This is borne out in a recent simulation by Linker et al. [1988] , who found a standing slow mode wave attached to the satellite, in addition to the Alfv•n wave. The slow mode helps to restore equilibrium downstream of the satellite. We estimate the contribution of the slow mode to the continuity equations by using a simple model. We find (in õ4) that the slow mode serves, to a large degree, to redress the balance required by continuity. The remaining discrepancy can be accounted for as arising from simplifications and the neglect of the fast mode, as is discussed in õ5. In Appendix A we consider the satellite behaviour in the plasma rest frame, and also when the 'massive' limit is not satisfied. Appendix B and C are devoted to the modeling of the Alfv•n and slow modes, respectively. Our main conclusion is that it is not possible for a conducting body to excite solely Alfv•n waves. There must also be other MHD disturbances, and we are able to estimate the amplitude of the slow mode component.
SATELLITE KINETICS AND ENERGETICS
Consider a conducting body embedded in a steady, flowing magnetoplasma. We shall assume that the background plasma velocity and uniform magnetic field are mutually perpendicular. The background convection electric field experienced by the conductor gives rise to an induced electric field that is equal to the perturbation Alfvdnic electric field. The amplitude of the Alfv•n wave can be determined by requiring that the perturbation electric field allow the same current flow in the satellite as that carried away by the waves [Neubauer, 1980; 
Mass Flux
The simplified model of plasma absorption that is adopted here assumes that a particle is captured by the satellite if its trajectory is coincident with the surface of the satellite.
Let's try to get some idea of the rate of mass absorption that is likely to occur. For example, a highly conducting body will not allow much of the oncoming magnetic field to diffuse into it. So it seems likely only a small amount of the plasma will be captured by the satellite in this case. On the other hand, the satellite may be a poor conductor and hardly disturb the magnetic field (or equivalently the convection electric field). In this situation we may expect a shadow region downstream of the body, and the satellite would absorb a mass flux of order
(p is the plasma density). This will be a reasonable estimate for a cold plasma, but probably a lower limit for a hot plasma as there would be significant plasma motion along the field lines.
Of course the satellite could be a significant source of materiM if there is out-gassing or sputtering, as is the case at Io and cometary bodies. Whilst this can easily be accommodated into our model, we shall confine ourselves to the more common situation where the satellite acts as a sink of material.
Momentum Flux
In order to consider the momentum flux we need to define some directions. The cartesian coordinate system (a, fl, 7)
will be used-see Figure 3a) acts to bring energy into it. In equilibrium, the difference between these two rates will be equal to the sink of energy provided by the satellite. Using these results we shall now consider the fluxes quantitatively. Table I 
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To test the results presented in Table 1 
CONCLUDING REMARKS
We have considered the equilibrium of a conducting body embedded in a steady, uniform flowing magnetised plasma. By assuming that all of the induced current within the conductor is closed in the stationary Alfv•nic structure attached to the satellite, it is possible to derive the Alfv•n wave field. This is done in the rest frame of a massive satellite. Working in the satelhte rest frame it is evident that the simple satellite/Alfv•n wave system can not satisfy any of the continuity equations. In an effort to restore continuity we introduce a slow mode wake in addition to the Alfv•n wake. The slow mode can go a long way toward supplying the missing fluxes. The small remaining imbalance of our new satelhte/Alfv•n/slow mode solution could be due to simphfications in our model. On the other hand, the discrepancy could be a real one due to our neglect of the fast mode. Whatever the cause, we have shown that it is not possible for a conductor to excite solely Alfv•n wavesthere must be some non-Alfv•nic disturbances excited too.
Existing models have derived the wave fields in the plasma by matching boundary conditions at the surface of the conductor. Most studies have concentrated upon the Alfv•n mode, but it would be interesting to look for the existence of slow or fast modes in these wave fields. It may be that these modes are not present if the boundary condition employed is only current continuity, rather than conservation of mass, momentum and energy too. However, if this is the case, caution should be exercised when considering mass, momentum and energy conservation as there are certainly non-Alfv•nic plasma disturbances present.
An interesting direction to continue this work in would be the modeling of the fast mode, as this is likely to play a more important role in some stuations than in the results of Linker et al. [1988] . For example, studying strongly out-gassing bodies such as comets would require a large transport of materiM away from the body. It may be difficult to satisfy the continuity equations in this case without the fast mode.
APPENDIX A
The behaviour of the satellite in the massive limit has been discussed, when viewed from its rest frame. In this Appendix we shall consider the behaviour of an arbitrary mass satellite under the influence of electromagnetic forces.
We shall also describe the evolution observed in the other natural reference frame-the plasma rest frame. It is instructive to note that, while consistent treatments can be achieved in either frame, the details of their interpretation appear different in the two frames. 
Finite Mass Satellite Initially at Rest
Finaly we shall consider the evolution of a finite mass satellite from the frame in which it is initiallty at rest, Vs(t = 0) = 0. In the case of a finite mass the velocity increases at the rate given in (2) and will tend to the plasma velocity, viewed from this frame. The kinetic energy increases from zero, according to (3), and tends to 
